Even with these challenges, students must learn to read content area textbooks fluently to be successful academically.
Students in primary grades are particularly challenged by the use of science textbooks. Not only do they have to make meaning from textbooks that are hard to read and understand, but they are often not provided opportunities to read nonfiction texts on their own, rendering this genre unfamiliar and more challenging.
The shift in reading instructional approaches away from basal reading to literature-based programs has increased young students' access to mostly fiction texts. The use of informational texts in primary grades is less common and in some settings has been limited to a few minutes a day (Duke, 2000) .
Due to the proliferation of nonfiction texts in upper elementary grades and beyond, there is a push to integrate more content area instruction and use of nonfiction texts in younger grades (e.g., Duke & Bennett-Armistead, 2003; Duke, 2004; Frey & Fisher, 2007) . While schools are making greater efforts to include nonfiction texts (e.g., trade books, magazines, websites) during reading instruction, nonfiction textbooks still predominate in content area subjects. To support content area learning, teachers must find ways to make textbook reading more meaningful for young students.
Four teachers in an urban elementary school support primary students' comprehension of challenging topics, vocabulary, and text structure in their assigned science books.
The Study
This article highlights the work of four primary-grade teachers at an innovative U.S. urban public school, P.S. 57, the James Weldon Johnson Leadership Academy, located in East Harlem, New York. These teachers engaged their respective students in science reading using textbook s, but each teacher took a different pedagogical approach that resulted in high student engagement and active learning while reading, writing, and discussing information in the textbooks.
These teachers volunteered for this qualitative naturalistic research study (Lincoln & Guba, 1985) , which involved hour-long weekly classroom observations while nonfiction reading was taught, over a period of five months. As the researcher, I sat quietly off to the side to be minimally intrusive (Corsaro, 1981) while recording the observations with field notes (Sanjek, 1990) . Teachers were intermittently interviewed about their curricular focus, goals, use of materials, perspectives on teaching nonfiction reading and writing, and perspectives on students as science and literacy learners. Lesson plans, excerpts of the curriculum materials, blank student worksheets, and completed samples of students' written work were collected weekly, as relevant.
Data were analyzed holistically, and data were interrogated from a perspective that language is a social practice (Gee, 1999 (Gee, , 2004 and that academic language in science is a specific language register (Cummins, 2000; Gee, 2004; Krashen, 1993; Lemke, 1990) valued and promoted in school. It involved an iterative process of reading and rereading written records of participants' language use during the lessons, along with curriculum materials and students' work samples, to identify themes related to aspects of situated language use and classroom discourse (oral and written) that promoted academic learning and access to academic language in science.
This article presents five challenges of using science textbooks, with examples of classroom discourse and teacher-student interactions. These examples are intended to show a balanced description of a range of instructional strategies teachers employed during nonfiction reading and related writing lessons, without trying to reconstruct the whole story of what occurred week to week in each classroom, over the course of the study. This article frames the challenges of teaching students to read and make sense of information from nonfiction textbooks with pedagogical strategies teachers employed to address these challenges.
Challenge 1: Difficult Technical Vocabulary
Science texts are often dense with difficult technical vocabulary and abstract concepts ( Yager, 1983) . Understanding specialized terms and concepts is essential for meaningful and engaged reading.
Research-Based Strategies. When teaching children to understand unfamiliar or difficult vocabulary, focus on increasing reading comprehension (Harvey, 1998) . Help students use their background knowledge and apply reading strategies such as rereading, examining boldface words, and attending to context clues (Blachowicz & Fisher, 2006) .
Classroom Discourse and Teacher-Student
Interactions. Mrs. Counts, special educator and veteran teacher of 19 years, taught third graders with learning disabilities in an early morning smallgroup academic intervention model. In Academic Intervention Services (AIS), six to eight of the academically neediest students from several third-grade classes met in the same small group for the entire academic year. Mrs. Counts offered explicit instruction on understanding vocabulary and science knowledge through a focus on the reader's comprehension strategies (Englert & Mariage, 1991; Harvey, 1998) .
Explicit attention to word-solving strategies while reading is important for disabled (Englert & Mariage, 1991) Students read individual copies of the excerpted article from the science textbook for several minutes, making note to themselves about what reading strategies they used to help figure out unknown words. As they shared their strategies, one boy explained that he skimmed the text, saw the word protection, and went to read t hat pa r t icula r s ect ion.
Using an interactive whiteboard to project a copy of the text on a large screen, Mrs. Counts highlighted the vocabulary word (e.g., protection) in yellow and also highlighted the previous sentence (e.g., "Acacia trees in Africa really know how to defend themselves.").
Mrs. Counts directed students' attention to the screen and read the text aloud, providing additional visual and oral language support. She asked students to figure out the meaning of the word protection from the previous sentence and from the clues in the sentence that followed (e.g., "The long, sharp thorns on their branches are their first form of protection."). After discussing the meaning of protection (e.g., how trees defend themselves or keep safe from animals), Mrs. Counts reread the sentence, this time verbally emphasizing the word first: "If thorns are the first form of protection for the trees, we have to read on to find out their second form of protection." They read on as a class, and, after a brief discussion, the students surmised that acacia trees grow thorns and produce poisonous leaves to protect, or defend, themselves from animals that want to eat their leaves.
word, while modeling how she reread to monitor and clarify two ways that acacia trees protected themselves. She enlarged and projected a super-sized, digital image of the text for reading, highlighting, and underlining words during instruction.
While reading an article titled "Plants Fight Back!" students noted the following passage:
Secrets to Survival. Acacia (uh-KAY-shuh) trees in Africa really know how to defend themselves. The long, sharp thorns on their branches are their first form of protection. Try to push one of their branches out of your way, and you will get badly scratched. (Gambrell & Wortman, 2008, p. 2) The text prompted readers to apply reading strategies. It directed students to "Monitor & Clarify: Name two ways that plants protect themselves. Remember, you can reread the text and use the chart to figure out the answers. Make a note on your graphic organizer about any fix-up strategies you used" (Gambrell & Wor tman, 2008, p. 2) .
Instead of asking students to start reading to find the answers right away, Mr s. Count s referred to part of her teaching point from her lesson plan:
Teach: You have all read "Plants Fight Back!" I read it as well. There were some sections on page 2 where I had to stop and monitor my reading because there was so much information. Take a look at page 2 of the article. Look at the section entitled "Secrets to Survival." There was a lot of information about how plants protect themselves here. Let's monitor our reading to make sure that we got all of the important information. Let's see if we can use a fix-up strategy to find two ways which plants protect themselves. (Mrs. Counts's lesson plan, January 29) Before teaching, she asked, "What strategies could you use to help you name at least two ways that plants protect themselves?" Students named several reading strategies: they knew about spring and summer using a framework provided by the textbook. ( Evelyn:
In the summer, it's hot, and I always hear chirping outside my window.
Ms. Tsveer: There are two things that the author wrote about animals in the summer. What's one thing the animals do to stay cool in the summer?
Alex:
The animals, they come out to look for food.
Ms. Tsveer: How do they stay cool?
Attention to keywords that show sequence, and to highlighted vocabulary words (e.g., boldface, italics) and their definition, is essential for making meaning (Blachowicz & Fisher, 2006) , but using technology to project a large visual image of the text made it stand out and provided an additional level of scaffolding that helped students focus. Learning-disabled students benefit from explicit attention and a methodical approach to applying reading strategies as they read on their own, and with the teacher, to support meaning making (Englert & Mariage, 1991) . Most important, they were prompted to think consciously about the reading strategies they applied to help them make sense of the text (Englert & Mariage, 1991) .
Challenge 2: Dense Presentation of Concepts
Nonfiction textbooks present limited information about many topics, and densely pack in concepts (Tyson & Woodward, 1989; Tyson-Bernstein, 1988) . Students may learn only superficial information and gain limited understanding.
Research-Based Strategies. To help students unpack the dense presentation of concepts in nonfiction textbooks, ask them to discuss the information the author conveys and what they are learning (Routman, 2000) . When they talk about what they are learning, students have more opportunities to synthesize what they know with what they are learning from listening to the text read aloud-and comprehension improves.
Classroom Discourse and Teacher-Student Interactions. Like Mrs. Counts, first-grade teacher Ms. Tsveer, who had been teaching primary grades for five years, read aloud from an enlarged text, but Ms. Tsveer used a Big Book version of the teacher's guide of the science textbook. The textbook was too difficult for most students to read on their own, so Ms. Tsveer engaged in shared reading and led whole-class discussions to address concepts about seasons.
The following example is from a unit on the four seasons. Ms. Tsveer previously read chapters about spring and summer, and was preparing to introduce the season of autumn in this lesson. Before reading about autumn, she prompted students to review what teacher Mrs. Miah, a 10-year veteran, goes beyond the information in the text, using video and additional Internet resources to provide supplemental materials that students used to express their learning. First, she conducted a whole-class guided reading lesson in which students read about the uses of electricity and why people have to find other sources of fuel. Mrs. Miah directed students' attention to specific sections of the text. The text was brief, so she quickly focused students' attention through discussion, directed silent reading, and answering brief questions in their notebooks. (Tyson-Bernstein, 1988 ).
Research-Based Strategies. To enrich students' learning, use a study-guide approach to reading the nonfiction textbook. Supplement the textbook with other resources, and connect the text to other texts and issues in the real world (Moss, 1991) . Students can personalize their learning and build understanding of the complexity of topics by reading more and acting on the text through meaningful, authentic literacy.
Classroom Discourse and Teacher-Student
Interactions. Third-grade general education
Challenge 4: Information Delivered in a Dry, Uninteresting Manner
Because textbooks are written concisely, in a "matter of fact" tone, and state information as objective facts, the language is "straightforward" and critiqued as "boring" (Sewall, 1988) .
Research-Based Strategies. Dramatize the text (McMaster, 1998) to act out its meaning, to breathe life into the language and encourage students to make text-to-self and text-to-world connections.
Classroom Discourse and Teacher-Student Interactions. Ms. Wallace, a vibrant, expressive second-grade general education teacher in her second year of teaching, turned the "boring" text into a resource teaming with possibilities for connections to real-world phenomena. While teaching beginning concepts of force (push and pull), she selected one student at a time to read aloud small sections of the textbook. After each section, she engaged the class in question-and-answer sessions to recall and interpret what was just read. She elaborated on the text, prompting students to make text-to-self connections and engage in comprehension checks through literal understanding, summarizing, and paraphrasing. Most important, Ms. Wallace got students out of their seats to dramatize what they read.
After asking a volunteer student to read the section in the textbook on force, Ms. Wallace paraphrased the main idea aloud. Then she asked students to stand and demonstrate pull and push. "When you pull something, it comes toward you. When you push something, it moves away from you," she explained. "When you push or pull something, you are using force." that's gonna help our world? Look in your text.
[Students reviewed the text before answering.] Michael: The company is trying to use a fuel with switch grass and coal.
Mrs. Miah: They are helping us save coal, because coal and oil are nonrenewable sources. What's another way you can create electricity?
Mrs. Miah and the students continued to discuss the information in the text for several minutes. The students read targeted sections of the textbook silently on their own to gain information and to check for and reinforce understanding. These third graders were challenged to skim the headings and find the sections that pertained to topics the teacher addressed, then read to determine the most important information (Harvey, 1998) . They were asked to summarize the section and answer two of five written comprehension questions from their textbooks in their notebooks.
To add depth of knowledge, Mrs. Miah displayed on the interactive whiteboard a video on conserving resources, "Learning About Natural Resources" (Discovery Education, unitedstream ing.com). She expanded the breadth and depth of information provided in the textbook through this multimedia resource, adding to the body of information students could consider as they formulated their understanding of how to conserve energy and why they should be interested in conserving Earth's resources.
After watching the video and discussing what they learned, Mrs. Miah asked the students to design a poster that would explain to family members how to conserve energy at home. While the textbook presented information on how to conserve, it did not address the economic and political aspects of the overconsumption of resources and the dangers of polluting the environment. The video and Internet resources supplemented the information from the textbooks. Students used their ideas from the hand-drawn posters to create digital images and text in PowerPoint presentations (see Figure 1 ), and these slides were entered into a student writing contest sponsored by the local gas company. study (e.g., Gambrell & Wortman, 2008; Harcourt, 2008) have used these textual and organizational features. Textbook publishers were sure to include bold headings and subheadings, real photos, guiding questions, review questions, highlighted vocabulary, pictures with captions, and suggested ideas for inquiry activities. The bold colors and detailed, interesting photographs provided both a practical and conceptual hook for students, rendering the text quite engaging, structurally.
All four teachers in this study pointed out textual features to support students' nonfiction reading and sense making while they engaged students interactively in reading aloud or silently. Mrs. Counts, the special educator working with a small group of third graders in the AIS morning session, read aloud to students from digital versions of the text projected on the whiteboard, modeling fluent reading and attention to textual features. Ms. Tsveer, the first-grade teacher, read aloud from a Big Book version of the textbook while pointing out the repetitive organizational patterns of the texts that addressed each season across several chapters. Ms. Wallace, the second-grade teacher, asked students to read aloud while attending to textual features such as headings and photos, to aid understanding. Mrs. Miah, the third-grade classroom teacher, directed students to use the textual and organizational features on their own during guided reading instruction, where they previewed, skimmed, and read silently to gain information, which was assessed through literal and inferential comprehension questions. The challenge of navigating through the textual and organizational features of the text was reduced by teachers' explicit attention to these elements of text and the publishers' use of effective layout and design.
Effective Strategies for Overcoming Challenges of Textbook-Based Science Reading
Textbook publishers have been criticized for producing texts that are quite challenging for young readers. Textbooks use difficult vocabulary, condense information about many topics, present a superficial view of information, use language that is uninteresting, and lack organizational structure that promotes reading comprehension. Armbruster and Anderson While students remained seated, they spent two minutes demonstrating pushing and pulling with their arms (both arms pushing outward from the shoulders, both arms grabbing air and pulling it toward them). Then they stood up and pushed and pulled their chairs for one minute. They sat down again, pushed and pulled their textbooks, and discussed how force was used to move objects.
A boy read the next section. The main message of the reading was that if you use more force, things will move faster and farther. Ms. Wallace demonstrated this with kicking and integrated the researcher into the example:
If Professor Bryce here threw you the ball, and you kicked it, how would it move? If you kicked it softly, how would it move? Would it move fast? Or go far? What about if you gave it a strong kick? How would it move? Would it move faster and farther?
She urged students to kick their imaginary balls. She instructed them to stand and kick "the ball" hard. She instructed them to "use all your force!" and then enlisted the researcher in throwing them an imaginary ball. The students and Ms. Wallace herself kicked the imaginary ball. It was quite hilarious to see 20 legs flying repeatedly in the air. There were no accidents, because she made sure students had sufficient room to move. After the dramatization, Ms. Wallace summarized, "If you want something to go far and fast, you have to use all your…" and most students responded in unison, "force!"
Challenge 5: Lack of Organization and Structural Style
Textbooks have been critiqued for a lack of organization and reader-friendly style that promotes reading with understanding (Chambliss, 1994; Kantor, Anderson, & Armbruster, 1983) .
Research-Based Strategies. Use the textual and structural features of the text to prepare students for what they are about to learn (Cook & Mayer, 1988) . Bring students' attention to the organization and structural elements provided to preview the text before reading, set a reading purpose, and access background knowledge that may help establish relevant connections to information in the text.
Classroom Discourse and Teacher-Student
Interactions. Curriculum materials sampled in this aloud, guided reading, and independent practice, coupled with feedback-students were encouraged to take ownership of their learning as they gained competence and confidence as readers. The teacher's role in textbook-based science reading was to prepare and guide readers to focus on pertinent textual features and provide several reading strategies that supported making sense of content.
2. Students benefited from a focus on their reading strategies as teachers helped them to articulate what strategies they found helpful (Harvey, 1998) for learning with nonfiction textbooks. Students' awareness of their own reading strategies empowered them to consciously select ways to engage meaningfully with textbooks, while nudging them to learn more about the textual demands and concepts explored in the text.
3. Teachers increased learning opportunities for students as they used a multimodal approach to reading science textbooks that built on students' multiple intelligences (Armstrong, 2003; Gardner, 1999) , including art and movement. Using the interpretive and expressive forms of language and nonprint texts enhanced visual, spatial, and bodily kinesthetic intelligence and meaning-making possibilities, rendering learning fun and interesting.
4. Using technology (e.g., interactive whiteboards) to create an enlarged digital or projected image of the text supported student access to the language and meaning in science textbooks. An enlarged version of the text fostered engagement and attentiveness. The interactive technology boosted student awareness of textual features, specialized use of language, and structural supports that developed reading comprehension.
5. Students enhanced their learning by creating authentic literacy projects after reading nonfiction science textbooks. In this study, students created PowerPoint slides to share their knowledge of how to conserve more of the earth's resources. They read the science textbook, other books, and Internet sources, then selectively tailored their advice about how to best save energy to a community-based audience (e.g., the local gas company, families). What resulted are (1988) observed that publishing companies have responded to these critiques by increasing their use of textual features to assist with learning technical terms (e.g., boldfaced words, definition of the word within the body of the text, including a glossary) and bolstering interest (e.g., using real photographs of animals, plants, and diverse people, showing people in contemporary settings engaging in activities pertaining to the topics presented in the texts).
In the textbooks rev i e we d fo r t h i s s t ud y (Gambrell & Wor tman, 20 08; Harcour t, 20 08), aut hor s promoted and included inquir y-based activities by providing directions for readers to try out various science tasks. But science information is primarily learned through reading. Because teachers are responsible for providing instruction that helps students make sense of nonfiction texts, it is imperative that they focus intently on addressing the challenges of textbook reading by employing strategies that support reading comprehension and reader reflection on their own reading strategies.
Teachers in this study engaged primary-grade learners (e.g., general education students and students with diagnosed learning disabilities) in listening to, reading, and talking about the science textbook. They showed students how to apply wordsolving strategies to figure out the meaning of key vocabulary terms. They pointed out the structural and organizational features of the text to support student awareness of how topics were presented. Teachers also found innovative ways to use technology to enhance reading experiences and added drama as an interpretive and expressive tool for making sense of nonfiction texts.
Several key findings emerged from this study:
1. Teachers fostered a meaning-based approach to reading nonfiction textbooks that promoted thoughtful, reflective reading. With the gradual release of responsibility model (Pearson & Gallagher, 1983 needed to ensure that primary-grade learners benefit from a recognition that textbooks are potentially rich resources for learning about the world. Teaching students how to learn from textbooks requires explicit attention simultaneously to organization, structure, and content. Teachers must use the features of textbooks, such as the table of contents, headings and subheadings, and other textual features (e.g., boldface words, photographs with captions, diagrams and labels), as a lead-in to content area learning and a focus on academic language development. Reading and discussing those textual features, while attending to specialized vocabulary, preview questions, information presented in the passages, and comprehension review tasks, prepare young readers to learn more content and meet the language demands presented in textbooks.
Supplementing textbooks with other nonfiction texts (e.g., magazines, trade books, nonfiction websites for children) will enrich the curriculum (Moss, 1991 (Moss, , 2005 Routman, 2000; Sewall, 1988) , but teachers must consciously provide guidance and support for mining the textbooks for content area understanding.
The four primary-grade teachers in this study used various approaches to support student learning of science through textbook-based reading. In all classes, the teachers and students discussed the information at length and read aloud sections of the text. Teachers pointed out the pattern of ideas the creative, expressive, nonfiction digital texts that captured the essence of the conservation concepts they learned about from reading their science textbooks.
Much of what students will learn in science is shaped by reading what science textbook authors and publishers have produced, even with the call for science education reform to include an inquirybased approach (American Association for the Advancement of Science, 1989 Science, /1990 Science, , 1993 . Several authors have addressed complaints that primarygrade teachers use textbook materials thoughtlessly (e.g., Apple, 1986; Shannon, 1987) , adhering to the publishers' intent without adaptation to their specific contexts or the instructional needs of the class.
The four primary-grade teachers in this study defied those views and integrated science reading instruction, using textbooks in ways that challenged young students to read for understanding. They believed the textbooks served as a resource, not a predetermined curriculum, and therefore acted on their perceived academic freedom to select chapters and implement comprehension strategies to address content they deemed relevant, given their instructional goals, students' needs, and perceived constraints related to time and instructional value.
Conclusion
As the textbook industry continues to thrive (Manzo, 1998; Ness, 2005) , a meaning-based pedagogy is Ta ke AC TION! 1. Teach the features of nonfiction textbooks. Model and explain how to gain information from the title, headings, guiding questions, pictures and captions, diagrams, and special vocabulary words. Preview the chapters using these features.
2. Before reading textbooks, encourage primary-grade students to articulate reading strategies (e.g., skim, read on and go back, read captions, labels and charts) that will help them make sense of what they read. After reading, check for comprehension.
Then, reflect on whether the strategies were helpful, and think of other strategies that could have been used.
3. Focus on meaning first. Read aloud (teacher or students) challenging sections of the textbook, and discuss the meaning with the class. Help young students make relevant text-to-self and text-to-text connections.
Dramatize concepts by
acting out the information in the textbook to express meaning and deepen student understanding.
Use technology meaningfully.
Project enlarged digital images of the textbook to focus students on textual features. Use videos and Internet-based resources to supplement the information provided in the textbooks.
6. Create purposeful, authentic writing that responds to what students read in the textbooks. Encourage students to reflect on the meaning they construct by relating the content to real-world issues. Incorporate technology in writing by producing digital texts using images and print.
introduced in the textbook and helped students summarize and synthesize what they were learning. In one class, students used their bodies to demonstrate movement and enhance their understanding of science concepts. Teachers also used technology to gain access to additional nonfiction information; provide students with an interactive experience, which served to motivate and focus them while reading; and support them in creating their own digital texts in response to their reading.
As Routman (2000) so aptly stated, "Being able to skim, scan, interpret, summarize, visualize, compare, draw thoughtful conclusions, and understand nonfiction texts is critical to becoming a well educated, thoughtful citizen" (p. 461). Teaching students to learn from nonfiction textbooks teaches them how to learn for life (Moss, 2005 ). Tyson-Bernstein, H. (1988 
